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CLAIMS 



[Claim(s)] 

[Claim 1] It is the square shape alkaline battery with which it was isolated with the separator and the 
positive-electrode plate and the negative-electrode plate were contained in the battery case with the alkali 
electrolytic solution, the thickness of the electrode group which internal resistance is less than [ 5mohm ], 
and becomes from said positive-electrode plate, said negative-electrode plate, and said separator is 30mm or 
less, and a heat sinking plane product is 2 60cm. Square shape alkaline battery characterized by being above 
and the amount of electrolytic solutions being 1,3 - 8.0 g/Ah. 

[Claim 2] The square shape alkaline battery according to claim 1 which was equipped with the collecting 
electrode plate of the positive electrode joined to the positive-electrode plate and the negative-electrode 
plate by the both ends of the cross direction of an electrode group, respectively, and a negative electrode, 
fixed each collecting electrode plate to the short side face of a battery case, and contained said electrode 
group in said battery case. 

[Claim 3] The square shape alkaline battery according to claim 2 which a positive-electrode plate is a 
positive-electrode plate which makes a nickel oxide a subject, and is the negative-electrode plate with which 
a negative-electrode plate contains electrochemically the hydrogen storing metal alloy in which occlusion 
emission of hydrogen is possible. 

[Claim 4] The square shape alkaline battery according to claim 1 to 3 whose thickness of a separator is 0.1- 
0.3mm. 

[Claim 5] The square shape alkaline battery according to claim 1 to 3 whose ionic conductivity of the 
electrolytic solution is 400 - 600 mS/cm, 

[Claim 6] The square shape alkaline battery according to claim 1 to 3 whose thickness of a battery case the 

thermal conductivity of a battery case ingredient is 0.15 or more W/m-K, and is 0.5- 1.5mm. 

[Claim 7] The unit cell which is a unit cell which connected 3-40 cells to the serial electrically, and is 

characterized by using a square shape alkaline battery according to claim 1 to 6 as said cell. 

[Claim 8] The unit cell according to claim 7 which connected these cells to the serial electrically while 

containing the electrode group and really which shared the short side face as a septum, and fabricated in one 

the battery case of the shape of two or more rectangular parallelepiped which has the short side face where 

width efface is narrow, and the long side face where width of face is wide constituting the cell for every 

battery case in each battery case of a battery case. 

[Claim 9] The unit cell according to claim 7 or 8 whose thermal conductivity per unit cell is 0.3 or more 
W/m-K. 

[Claim 10] The group cell which is a group cell by which two or more unit cells were electrically connected 
to a serial and/or juxtaposition, and the path which can pass a cooling medium was prepared between said 
adjoining unit cells, and is characterized by using a unit cell according to claim 7 to 9 as said unit cell. 



[Translation done.] 
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* NOTICES * 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alkaline battery represented with a nickel cadmium 
battery, or nickel and a hydrogen battery, especially a square shape alkaline battery. Furthermore, it is 
related with the design of the electrode group which optimizes the balance of calorific value, heat release, 
and the amount of accimiulation in a detail, the electrolytic solution, and a battery case. 
[0002] 

[Description of the Prior Art] The alkaline battery represented with a nickel cadmium battery, or nickel and 
a hydrogen battery has a high energy density, and are used from excelling in dependability as a power 
source of portable devices, such as a video tape recorder, a notebook computer, and a cellular phone, for 
example. [ many ] In a actual activity, it is common that about ten cells are used into a resin case or a tube 
from some, containing. 

[0003] Moreover, since the power with which cell capacity's being 0.5Ah(s) - 3Ah extent and the device 
used consume these alkaline batteries is also small, the calorific value per cell at the time of charge and 
discharge is small. Therefore, even if it was the case where it was contained and used into a resin case or a 
tube, generation of heat and heat dissipation were performed with sufficient balance, and there was no 
remarkable technical problem about the temperature rise of a cell. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, as a power source for mobiles which results in 
electric vehicles, such as a hybrid car which assists power by the electric vehicle or the electric motor from 
home electronics, an energy density is high and the highly reliable battery is demanded by high power 
recently. When a cell is used for such an application, the cell capacity which is Number Ah - 100 Ah extent 
is needed. Moreover, in order to secure sufficient driving force of a vehicle, it is necessary to enlarge cell 
voltage. Therefore, it is necessary to connect hundreds of cells to a serial from some, and to enable I/O of 
the load current of several lOA - hundreds A. 

[0005] Although the heat of reaction and the Joule's heat by electrode reaction occur on a cell and a 
temperature rise arises in connection with charge and discharge on it, if the cell capacity and the load current 
value of a cell increase, the heating value to generate increases, the heat dissipation to the cell exterior will 
be accumulated in delay, and the generated heat will be accumulated in the interior of a cell. Consequently, 
cell temperature rises rather than the conventional small cell. Moreover, since the unit cell which connected 
such a cell to the serial electrically, and the group cell which connected the unit cell to a serial or 
juxtaposition electrically make hundreds eels adjoin and is arranged from dozens eels, lifting of delay and 
cell temperature is further promoted for heat dissipation. And if the temperature rise of the cell at the time of 
charge and discharge becomes large in this way, disassembly of the decline in charging efficiency, the 
separator arranged in a cell, the binder in an electrode, etc., etc. will be promoted, and the problem that the 
cycle life of a cell becomes short will arise. 

[0006] this invention person etc. acquired the following knowledge, as a result of considering relation 
between the calorific value of a cell, heat release, and the amount of accumulation. 

[0007] The calorific value of a cell is govemed by the internal resistance (R: total with reaction resistance of 
an electrode, and current collection section resistance) of the cell called for by the voltage drop at the time of 
impressing a direct current, and is expressed by the product (RJ2) with square of this intemal resistance 
value and a load current value (I). Since the heat release of a cell is govemed by the migration to the exterior 
of the heat generated inside the cell, i.e., thermal conductivity, the thickness of a plate and the thickness of 
the electrode group constituted with the plate of two or more sheets and a separator serve as an important 
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factor. Moreover, the heat release of a cell is remarkably influenced by the means (refrigerant kinds which 
circulate the cell exterior, such as air and water, and amount of those) for taking heat from a cell. Moreover, 
the amount of accumulation of a cell is governed by the Eimount of the electrolytic solution with the largest 
heat capacity, 

[0008] It opts for the temperature rise of a cell in the balance of such calorific value, heat release, and the 
amount of accumulation. That is, if a current is impressed to a cell, heat will occur with the magnitude of the 
current, and the internal resistance of the cell according to a cell condition (charge). And the generated heat 
raises cell temperature according to the magnitude of the amount of accumulation of a cell. Moreover, the 
heat generated inside the cell is transmitted to the exterior, and the heat of the amount according to a 
temperature gradient with the cell exterior is emitted. If I/O of such power is repeated near the 
predetermined cell condition, cell temperature will rise at a rate according to each magnitude and its balance 
of calorific value, heat release, and the amount of accumulation, and cell temperature will become fixed 
seemingly. 

[0009] Therefore, in order to control the temperature rise of a cell and to obtain a long lasting alkaline 
battery by high power, the design of the electrode group aiming at optimization of the balance of the 
calorific value of a cell, heat release, and the amount of accumulation, the electrolytic solution, and a battery 
case is needed. 

[0010] This invention is made based on the above knowledge, optimizes the balance of calorific value, heat 
release, and the amount of accumulation, is high power and aims at offering the square shape alkaline 
battery which has the cell property which was excellent also in the repeat of charge and discharge, or the 
prolonged activity, the unit cell which used this for the list, and a group cell. 
[0011] 

[Means for Solving the Problem] In order to attain said object, the configuration of the square shape alkaline 
battery concerning this invention It is the square shape alkaline battery with which it was isolated with the 
separator and the positive-electrode plate and the negative-electrode plate were contained in the battery case 
with the alkali electrolytic solution. The thickness of the electrode group which internal resistance is less 
than [ 5mohm ], and becomes from said positive-electrode plate, said negative-electrode plate, and said 
separator is 30nmi or less, and a heat sinking plane product is 2 60cm. It is above and is characterized by the 
amount of electrolytic solutions being 1.3 - 8.0 g/Ah. According to the configuration of this square shape 
alkaline battery, the balance of calorific value, heat release, and the amount of accumulation is optimized, 
and the square shape alkaline battery which has the cell property which was excellent in high power also in 
the repeat of charge and discharge or the prolonged activity can be realized. 

[0012] Moreover, in the configuration of the square shape alkaline battery of said this invention, it is 
desirable to have the collecting electrode plate of the positive electrode joined to the positive-electrode plate 
and the negative-electrode plate by the ends of the cross direction of an electrode group, respectively and a 
negative electrode, to fix each collecting electrode plate to the short side face of a battery case, and to 
contain said electrode group in said battery case. 

[0013] Moreover, in the configuration of the square shape alkaline battery of said this invention, it is 
desirable that it is the positive-electrode plate with which a positive-electrode plate makes a nickel oxide a 
subject, and is the negative-electrode plate with which a negative- electrode plate contains electrochemically 
the hydrogen storing metal alloy in which occlusion bleedoff of hydrogen is possible. 
[0014] Moreover, in the configuration of the square shape alkaline battery of said this invention, it is 
desirable that the thickness of a separator is 0.1 -0.3mm. 

[0015] Moreover, in the configuration of the square shape alkaline battery of said this invention, it is 
desirable that the ionic conductivity of the electrolytic solution is 400 - 600 mS/cm. 

[0016] Moreover, in the configuration of the square shape alkaline battery of said this invention, the thermal 
conductivity of a battery case ingredient is 0.15 or more W/m-K, £ind it is desirable that the thickness of a 
battery case is 0.5- 1.5mm. As a battery case ingredient which fulfills this condition, resin ingredients, such 
as a polymer alloy which makes polyphenylene ether resin and polyolefin resin a subject, can be mentioned, 
for example. 

[0017] Moreover, the configuration of the unit cell concerning this invention is the unit cell which 
connected 3-40 cells to the serial electrically, and is characterized by using the square shape alkaline battery 
of said this invention as said cell. 

[0018] Moreover, in the configuration of the unit cell of said this invention, while containing an electrode 
group and really which shared the short side face as a septum, and fabricated in one the battery case of the 
shape of two or more rectangular parallelepiped which has the short side face where width of face is narrow, 
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and the long side face where width of face is wide constituting a cell for every battery case in each battery 
case of a battery case, it is desirable to connect these cells to a serial electrically. 

[0019] Moreover, in the configuration of the unit cell of said this invention, it is desirable that the thermal 
conductivity per unit cell is 0.3 or more W/m-K. 

[0020] According to the configuration of this unit cell, a temperature rise can be controlled and the unit cell 
which has the cell property which was excellent in high power also in the repeat of charge and discharge or 
the prolonged activity can be realized. 

[0021] Moreover, the configuration of the group cell concerning this invention is the group cell by which 
two or more unit cells were electrically connected to a serial and/or juxtaposition, and the path which can 
pass a cooling medium was prepared between said adjoining unit cells, and is characterized by using the unit 
cell of said this invention as said unit cell. According to the configuration of this group cell, a temperature 
rise can be controlled and the group cell which has the cell property which was excellent in high power also 
in the repeat of charge and discharge or the prolonged activity can be realized. 
[0022] 

[Embodiment of the Invention] Hereafter, the square shape nickel and the hydrogen battery which is a 
typical cell of a square shape alkaline battery about the gestalt of operation of this invention are mentioned 
as an example, and is explained. 

[0023] The nickel positive electrode and hydrogen storing metal alloy negative electrode which were used 
with the gestalt of this operation were produced as follows. 

[0024] That is, as the nickel hydroxide solid solution which is the active material of a nickel positive 
electrode, the mean particle diameter of 10 micrometers and the particle which dissolved Co and Zn of about 
2.0g/cc of bulk density were used. And the cobalt hydroxide 7.0 weight section and the pure water of 
optimum dose are added to the 100 weight sections of a nickel hydroxide solid-solution particle, mixed 
distribution was carried out, and it considered as the active material slurry. The foaming nickel porous body 
substrate with a% [ of porosity ] of 95 and a thickness of 1 .3mm was filled up with this active material 
slurry, and it was made to dry within a 80-degree C dryer. Then, it rolled out so that thickness might be set 
to 0.4mm using a roll press. And this was cut in the predetermined dimension of the shape of a rectangle 
shown below (table 1), and was made into the nickel positive electrode. 

[0025] Moreover, an alloy presentation is MmNi3.5 Co0.75aluminum0.3 MnO.4. The punching metal was 
made to apply and dry with a binder the end of an alloy powder which the ball mill ground the hydrogen 
storing metal alloy, and was made into about 20 micrometers of mean diameters. Then, it rolled out so that 
thickness might be set to 0.28mm. And this was cut in the predetermined dimension of the shape of a 
rectangle shown below (table 1), and was made into the hydrogen storing metal alloy negative electrode. 
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[0027] Drawing 1 is the perspective view showing the configuration of the electrode group of the square 
shape nickel and the hydrogen battery in the gestalt of 1 operation of this invention. 
[0028] As shown in drawing 1 , the laminating of the positive-electrode plate 1 and the negative-electrode 
plate 2 which are shown above (table 1) was carried out by turns through the separator 3 which consists of a 
polypropylene fiber nonwoven fabric which similarly performed rectangle-like processing 
[ hydrophilization ], and the electrode group from which electrode thickness differs was constituted. End- 
face welding of the collecting electrode plates 4 and 5 which performed nickel plating to iron was carried 
out, and it considered as the electrode terminal of a positive electrode and a negative electrode at the leads 
1 a and 2a of the crosswise ends of this electrode group. These electrode groups fixed and contained each 
collecting electrode plates 4 and 5 on the short side face of a battery case with the electrolytic solution 
which uses a potassium hydroxide as a principal component to the square shape battery case made from a 
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polymer alloy which makes polypropylene resin and polyphenyl-ether resin a subject. Thereby, the square 
shape nickel and the hydrogen battery of cell capacity 8Ah were obtained. 

[0029] The internal resistance of the square shape nickel and a hydrogen battery equipped with the above 
configurations (cell), the thickness of an electrode group, a heat sinking plane product, the amount of 
electrolytic solutions, the ionic conductivity of the electrolytic solution, the thickness of a battery case, and 
the thermal conductivity of a battery case ingredient were changed, respectively, and were investigated 
about the relation between the temperature rise of the cell at the time of them and charge and discharge, and 
a cycle life. 

[0030] Internal resistance is total of resistance of reaction resistance of an electrode, the resistance in 
connection with the ion conductivity of the electrolytic solution, the current collection section, and an 
electrode core material. Therefore, it is greatly influenced by cell capacity, plate area, the current collection 
section, the construction material of an electrode core material and thickness, and the configuration, 
however, in the experiment conducted in the gestalt of this operation, since it carried out so that cell capacity 
and the plate area in a cell might serve as about 1 law, it is thought that these effects are disregarded. 
Therefore, the internal resistance of a cell was changed by changing the thickness of the iron collecting 
electrode plates 4 and 5 which performed nickel plating, and the thickness of nickel plating. 
[003 1 ] Moreover, measurement of internal resistance was performed by the approach shown below. That is, 
the net volume [Ah] of the produced cell was calculated with the measuring method used for measurement 
of the utilization factor mentioned later. And after performing 50% of charge to the cell of a discharge 
condition to net volume, it was left for 3 hours, having used environmental temperature as 25 degrees C. 
Then, the current was impressed on the conditions shown below (table 2), and the cell voltage of 1 0 seconds 
after was measured. Drawing which plotted the cell voltage which measured the impressed current value on 
the axis of abscissa on the axis of ordinate was created. The inclination called for from this drawing is 
considered that the internal resistance of a cell is shown from Ohm*s law (V=RxI). Therefore, the internal 
resistance of a cell was computed using the least square method by the above-mentioned approach. 
[0032] 
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[0033] Moreover, the thickness of an electrode group means the thickness of the aggregate which consists of 
the positive-electrode plate 1, a negative-electrode plate 2, and a separator 3 (unit: mm). A heat sinking 
plane product is an area which touches a cooling medium directly by the cell lateral surface (unit: cm2). The 
amount of electrolytic solutions is the weight of the electrolytic solution per 1 Ah capacity of a cell (unit: 
g/Ah). The ionic conductivity of the electrolytic solution is govemed by electrolytic-solution specific 
gravity. 

[0034] A cycle life is the number of cycles which became 80% or less of initial capacity. 
(1) Thickness of an electrode group is made to 20mm, ionic conductivity of 0.2mm and the electrolytic 
solution is made [ a heat sinking plane product / 2 and the amount of electrolytic solutions ] into 500 mS/cm 
for the thickness of 3 g/Ah and a separator 100cm, and the measurement result of the temperature rise of the 
cell at the time of charge and discharge when changing intemal resistance with 3-6mohm and a cycle life is 
shown in the related following (table 3) of intemal resistance, and a temperature rise and a cycle life. The 
"utilization factor" in the following (table 3) is computed as follows. That is, a cell is charged by charge rate 
0.1 CmA for 15 hours, and the capacity of 5 cycle repeat and 5 cycle eye is measured for the cycle made to 
discharge until cell voltage is set to 1 .OV by discharge rate 0.2CmA. Thus, a utilization factor is computed 
by **(ing) measured cell capacity by geometric capacity (value which multiplied by it and obtained electric 
capacity 289 mAh/g when presupposing that one electron of nickel hydroxide reacts in the weight of the 
nickel hydroxide with which it was filled up into the positive electrode). 
0035] 









/&& 






mm 




mmm 


CniD] , 


Cmm] 


Ccin2] 


Cg/Ah3 


[mm] 


[mS/cm] 


[%] 


[•c] 




3 












95 


5 


1000 


4 


20 


100 




0.2 


SCO 


95 


5 


1000 


5 


3 


92 


7 


900 


6 












88 


14 


300 



[0036] As shown above (table 3), when intemal resistance was 3mohm, 4mohm, and 5mohm, 5 degrees C, 5 
degrees C, 7 degrees C, and the cycle lives of the temperature rise of the cell at the time of charge and 
discharge were 1000, 1000, and 900, respectively. On the other hand, when intemal resistance is 6mohm, 
the temperature rise of the cell at the time of charge and discharge becomes high with 14 degrees C, and the 
cycle life of a cell is short with 300. If intemal resistance becomes large, it will be thought that the calorific 
value of the cell at the time of charge and discharge, as a result the temperature rise of a cell become large. 
And if the temperature rise of a cell becomes large, disassembly of the decline in charging efficiency, the 
separator arranged in a cell, the binder in an electrode, etc., etc. will be promoted, and it will be thought that 
the cycle life of a cell becomes short. 

[0037] Therefore, as for the intemal resistance of a cell, it is desirable that it is less than [ 5mohm ]. 
(2) Intemal resistance of a cell is made to 4mohm, ionic conductivity of 0.2mm and the electrolytic solution 
is made [ a heat sinking plane product / 2 and the amount of electrolytic solutions ] into 500 mS/cm for the 
thickness of 3 g/Ah and a separator 1 00cm, and the measurement result of the temperature rise of the cell at 
the time of charge and discharge when changing the thickness of an electrode group with 10-3 5mm and a 
cycle life is shown in the related following (table 4) of the thickness of an electrode group, and a 
temperature rise and a cycle life. In addition, in order to adjust a heat sinking plane product to a fixed value 
(100cm2) about the cell by which the thickness of an electrode group differs, the heat insulation sheet was 
stuck on the battery case outside surface of each cell. 
0038] 
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[0039] As shown above (table 4), when the thickness of an electrode group was 10mm, 20mm, and 30mm, 7 
degrees C, 5 degrees C, 7 degrees C, and the cycle lives of the temperature rise of the cell at the time of 
charge and discharge were 900, 1000, and 900, respectively. On the other hand, when the thickness of an 
electrode group is 35mm, the temperature rise of the cell at the time of charge and discharge becomes high 
with 12 degrees C, and the cycle life of a cell is short with 400. There is much electrode number of sheets, 
and since a thermal diffusion rate becomes small and the thermal conductivity inside a cell becomes small 
when the thickness of an electrode group is large, it is thought that the temperature rise of a cell becomes 
large. And if the temperature rise of a cell becomes large, disassembly of the decline in charging efficiency, 
the separator arranged in a cell, the binder in an electrode, etc., etc. will be promoted, and it will be thought 
that the cycle life of a cell becomes short. 

[0040] Therefore, as for the thickness of an electrode group, it is desirable that it is 30mm or less. 
(3) the related following (table 5) of a heat sinking plane product, and a temperature rise and a cycle life — 
tiie internal resistance of a cell — the thickness of 4mohm and an electrode group ~ 20mm and the amount of 
electrolytic solutions — the thickness of 3 g/Ah and a separator ~ the ionic conductivity of 0.2mm and the 
electrolytic solution ~ 500 mS/cm - carrying out a heat sinking plane product - 50-120cm2 The 
measurement result of the temperature rise of the cell at the time of charge and discharge at the time of 
making it change and a cycle life is shown. In addition, the heat sinking plane product was adjusted to a 
predetermined area by sticking a heat insulation sheet on a battery case outside surface. 
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[0042] it is shown above (table 3) — as ~ a heat sinking plane product ~ 60cm2, 80cm2, 100cm2, and 
120cm2 it is — the time — the time of charge and discharge — 7 degrees C, 5 degrees C, 5 degrees C, 4 
degrees C, and the cycle lives of the temperature rise of a cell were 900, 1000, 1000, and 1000, respectively, 
on the other hand — a heat sinking plane product ~ 50cm2 it is — the time - the time of charge and 
discharge - as for a temperature rise, a cell becomes high with 13 degrees C, and the cycle life of a cell is 
short with 300. Since heat release becomes small when a heat sinking plane product is small, it is thought 
that the temperature rise of a cell becomes large. And if the temperature rise of a cell becomes large, 
disassembly of the decline in charging efficiency, the separator arranged in a cell, the binder in an electrode, 
etc., etc. will be promoted, and it will be thought that the cycle life of a cell becomes short. 
[0043] Therefore, a heat sinking plane product is 2 60cm. It is desirable that it is above. 
(4) Thickness of 4mohm and an electrode group is made to 20mm, ionic conductivity of 0.2mm and the 
electrolytic solution is made [ the internal resistance of a cell / a heat sinking plane product ] into 500 
mS/cm for the thickness of 2 and a separator 100cm, and the measurement result of the temperature rise of 
the cell at the time of charge and discharge when changing the amount of electrolytic solutions with 1.2-8.1 
g/Ah and a cycle life is shown in the related following (table 6) of the amount of electrolytic solutions, and a 
temperature rise and a cycle life. 
[0044] 
[A table 6] 
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[0045] As shown above (table 6), when the amounts of electrolytic solutions were 1 .3 g/Ah, 3 g/Ah, 6 g/Ah, 
and 8 g/Ah, 7 degrees C, 5 degrees C, 5 degrees C, 4 degrees C, and the cycle lives of the temperature rise 
of the cell at the time of charge and discharge were 900, 1000, 1000, and 900, respectively. On the other 
hand, when the amount of electrolytic solutions is 1 .2 g/Ah, the temperature rise of the cell at the time of 
charge and discharge becomes high with 12 degrees C, and the cycle life of a cell is short with 400. 
Moreover, when the amount of electrolytic solutions is 8.1 g/Ah, although the temperature rise of the cell at 
the time of charge and discharge is 4 degrees C, the cycle life of a cell is short with 500. Since the amount of 
accumulation becomes small when there are few amounts of electrolytic solutions, it is thought that the 
calorific value of the cell at the time of charge and discharge, as a result the temperature rise of a cell 
become large. And if the temperature rise of a cell becomes large, disassembly of the decline in charging 
efficiency, the separator arranged in a cell, the binder in an electrode, etc., etc. will be promoted, and it will 
be thought that the cycle life of a cell becomes short. Moreover, since the amount of accumulation becomes 
large when there are many amounts of electrolytic solutions, the calorific value of the cell at the time of 
charge and discharge, as a result the temperature rise of a cell become small, but it is one of these, and since 
charging efficiency falls and the internal pressure of a cell rises, it is thought that the cycle life of a cell 
becomes short. 

[0046] Therefore, as for the amount of electrolytic solutions, it is desirable that it is 1.3 - 8.0 g/Ah. 
[0047] When the result of (1) - (4) is summarized above, for the thickness of less than [ 5mohm ] and an 
electrode group, 30mm or less and a heat sinking plane product are [ intemal resistance ] 2 60cm. When the 
amount of electrolytic solutions is 1.3 - 8.0 g/Ah above, the balance of calorific value, heat release, and the 
amount of accumulation is optimized, and the square shape nickel and the hydrogen battery which has the 
cell property which was excellent in high power also in the repeat of charge and discharge or the prolonged 
activity are realized. 

(5) Thickness of 4mohm and an electrode group is made to 20mm, ionic conductivity of 3 g/Ah and the 
electrolytic solution is made [ the intemal resistance of a cell / a heat sinking plane product ] into 500 
mS/cm for 2 and the amount of electrolytic solutions 100cm, and the measurement result of the temperature 
rise of the cell at the time of charge and discharge when changing the thickness of a separator with 0.08- 
0.32mm and a cycle life is shown in the related following (table 7) of the thickness of a separator, and a 
temperature rise and a cycle life. 
[0048] 
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0.08 




95 


7 


400 
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95 
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1000 










0.3 




93 
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900 










0.32 




85 


12 


500 



[0049] As shown above (table 7), when the thickness of a separator was 0.1mm, 0.15mm, 0.2mm, 0.25mm, 
and 0.3nmi, 7 degrees C, 4 degrees C, 4 degrees C, 4 degrees C, 7 degrees C, and the cycle lives of the 
temperature rise of the cell at the time of charge and discharge were 900, 1000, 1000, 1000, and 900, 
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respectively. On the other hand, when the thickness of a separator is 0.08mm, although the temperature rise 
of the cell at the time of charge and discharge is 7 degrees C, the cycle life of a cell is short with 400. 
Moreover, when the thickness of a separator is 0.32mm, the temperature rise of the cell at the time of charge 
and discharge becomes high with 1 2 degrees C, and the cycle life of a cell is short with 500. Since there are 
few amounts of electrolytic solutions which a separator absorbs, the amount of electrolytic solutions in an 
electrode increases as a result and the amount of accumulation becomes large when the thickness of a 
separator is small, the calorific value of the cell at the time of charge and discharge, as a result the 
temperature rise of a cell become small, but it is one of these, and since charging efficiency falls and the 
intemal pressure of a cell rises, it is thought that the cycle life of a cell becomes short. Moreover, since there 
are many amo\mts of electrolytic solutions which a separator absorbs, the amount of electrolytic solutions in 
an electrode decreases as a result and reaction resistance of an electrode becomes large when the thickness 
of a separator is large, it is thought that the calorific value of the cell at the time of charge and discharge, as 
a result the temperature rise of a cell become large. And if the temperature rise of a cell becomes large, 
disassembly of the decline in charging efficiency, the separator arranged in a cell, the binder in an electrode, 
etc., etc. will be promoted, and it will be thought that the cycle life of a cell becomes short. 
[0050] Therefore, as for the thickness of a separator, it is desirable that it is 0.1 -0.3mm. 
(6) Thickness of 4mohm and an electrode group is set to 20mm, thickness of 3 g/Ah and a separator is set 
[ the intemal resistance of a cell / a heat sinking plane product ] to 0.2mm for 2 and the amount of 
electrolytic solutions 1 00cm, and the measurement result of the temperature rise of the cell at the time of 
charge and discharge when changing the ionic conductivity of the electrolytic solution with 370 - 650 
mS/cm and a cycle life is shown in the related following (table 8) of the ionic conductivity of the electrolytic 
solution, and a temperature rise and a cycle life. In addition, the ionic conductivity of the electrolytic 
solution was adjusted to the predetermined value by changing the specific gravity of the electrolytic 
solution. 
[0051] 
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[0052] As shown above (table 8), when the ionic conductivity of the electrolytic solution was 400 mS/cm, 
500 mS/cm, and 600 mS/cm, 7 degrees C, 5 degrees C, 7 degrees C, and the cycle lives of the temperature 
rise of the cell at the time of charge and discharge were 900, 1 000, and 900, respectively. On the other hand, 
when the ionic conductivity of the electrolytic solution is 370 mS/cm, the temperature rise of the cell at the 
time of charge and discharge becomes high with 12 degrees C, and the cycle life of a cell is short with 400. 
Moreover, when the ionic conductivity of the electrolytic solution is 650 mS/cm, the temperature rise of the 
cell at the time of charge and discharge becomes high with 13 degrees C, and the cycle life of a cell is short 
with 400. case the ionic conductivity of the electrolytic solution is small — electrolytic-solution specific 
gravity — small — volume (cc) ~ since it becomes excessive and reaction resistance of an electrode becomes 
large, it is thought that the calorific value of the cell at the time of charge and discharge, as a result the 
temperature rise of a cell become large. Moreover, when the ionic conductivity of the electrolytic solution is 
large, electrolytic-solution specific gravity is large, volume (cc) decreases, even if heat dissipation nature is 
the same, since the amount of accumulation is governed with the electrolytic solution with the largest heat 
capacity, the amount of accumulation also decreases, and it is thought that the temperature rise of a cell 
becomes large. And if the temperature rise of a cell becomes large, disassembly of the decline in charging 
efficiency, the separator arranged in a cell, the binder in an electrode, etc., etc. will be promoted, and it will 
be thought that the cycle life of a cell becomes short. 

[0053] Therefore, as for the ionic conductivity of the electrolytic solution, it is desirable that it is 400 - 600 
mS/cm. 

(7) To the related following (table 9) of the thermal conductivity of a battery case ingredient, and a 
temperature rise and a cycle life Set it as the desirable value which explained the intemal resistance of a cell, 
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the thickness of an electrode group, a heat sinking plane product, the amount of electrolytic solutions, the 
thickness of a separator, and the ionic conductivity of the electrolytic solution in above-mentioned (1) - (6), 
and the thickness of a battery case is set as 1 .0mm. The measxirement result of the temperature rise of the 
cell at the time of charge and discharge when changing the thermal conductivity of a battery case ingredient 
with 0.13-0.18 W/m-K and a cycle life is shown. The thermal conductivity of a battery case ingredient is 
governed by the thermal conductivity of the resin to be used, and is governed by the compoimding ratio by 
polymer alloy resin. 



[0054] 
A table 9] 
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[W/ni • K] 
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0.13 


82 


14 


400 


1.0 


0.14 


88 
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500 


0.15 


93 
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900 




0.18 


95 
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1000 



[0055] As shown above (table 9), when the thermal conductivity of a battery case ingredient was 0.15 W/m- 
K and 0.18 W/m-K, 7 degrees C, 5 degrees C, and the cycle lives of the temperature rise of the cell at the 
time of charge and discharge were 900 and 1000, respectively. On the other hand, when the thermal 
conductivity of a battery case ingredient is 0.13 W/m-K and 0.14 W/m-K, the temperature rise of the cell at 
the time of charge and discharge is as high as 14 degrees C and 1 1 degrees C respectively, and the cycle life 
of a cell is short with 400,500, respectively. When the thermal conductivity of a battery case ingredient is 
small, the temperature rise of a cell becomes large, disassembly of the decline in charging efficiency, the 
separator arranged in a cell, the binder in an electrode, etc., etc. is promoted, and it is thought that the cycle 
life of a cell also becomes short. 

(8) To the related following (table 1 0) of the thickness of a battery case, and a temperature rise and a cycle 
life Set it as the desirable value which explained the internal resistance of a cell, the thickness of an 
electrode group, a heat sinking plane product, the amount of electrolytic solutions, the thickness of a 
separator, and the ionic conductivity of the electrolytic solution in above-mentioned (1) - (6), and the 
thermal conductivity of a battery case ingredient is set as 0.2 W/m-K. The measurement result of the 
temperature rise of the cell at the time of charge and discharge when changing the thickness of a battery case 
with 0.4-1 .6mm and a cycle life is shown. 
[0056] 
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[0057] As shown above (table 10), when the thickness of a battery case was 0.5mm, 0.8mm, 1 .0mm, 1 .2mm, 
and 1 .5mm, 4 degrees C, 5 degrees C, 5 degrees C, 5 degrees C, 7 degrees C, and the cycle lives of tfie 
temperature rise of the cell at the time of charge and discharge were 900, 1000, 1000, 1000, and 900, 
respectively. On the other hand, when the thickness of a battery case is 0.4mm, although the temperature 
rise of the cell at the time of charge and discharge is 4 degrees C, the cycle life of a cell is short with 400. 
Moreover, when the thickness of a battery case is 1 .6mm, the temperature rise of the cell at the time of 
charge and discharge becomes high with 12 degrees C, and the cycle life of a cell is short with 500. Since 
heat dissipation nature becomes good when the thickness of a battery case is small, the calorific value of the 
cell at the time of charge and discharge, as a result the temperature rise of a cell become small, but since the 
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thickness of a battery case runs short to cell internal pressure, a battery case deforms and it is thought that 
the cycle life of a cell becomes short. Moreover, since heat dissipation nature worsens when the thickness of 
a battery case is large, it is thought that the calorific value of the cell at the time of charge and discharge, as 
a result the temperature rise of a cell become large. And if the temperature rise of a cell becomes large, 
disassembly of the decline in charging efficiency, the separator arranged in a cell, the binder in an electrode, 
etc., etc. will be promoted, and it will be thought that the cycle life of a cell becomes short. 
[0058] Therefore, it is desirable for the thermal conductivity of a battery case ingredient to be 0.15 or more 
W/m-K, and for the thickness of a battery case to be 0.5-1 .5mm from the result of (7) and (8). 
[0059] As a battery case ingredient which fulfills this condition, resin ingredients, such as a polymer alloy 
which makes polyphenylene ether resin and polyolefin resin a subject, can be mentioned, for example. 
[0060] Next, 3-40 square shape nickel and hydrogen batteries equipped with the above configurations (cell) 
were electrically connected to the serial, and the unit cell was produced. 

[0061] The perspective view of the one battery case when connecting electrically six square shape nickel 
and hydrogen batteries (cell) to a serial, and constituting a unit cell in drawing 2 , is shown. As shown in 
drawing 2 , the electrode group (not shown) is really which shared the short side face as a septum 7, and 
fabricated in one the six rectangular parallelepiped-like battery case 6 which has the short side face where 
width of face is narrow, and the long side face where width of face is wide contained in each battery case 6 
of a battery case 8. That is, adjoining cells are electrically connected to the serial in the upper part of a 
septum 7. The pole terminal (not shown) of the above-mentioned unit cell is prepared in the upper part of 
the end wall 9 of ends, respectively. The up release side of a battery case 8 is really blockaded in one with 
up covering (not shown). Moreover, in the long side face of a battery case 8, the rib-like projection 10 for 
forming the path which can pass a cooling medium is really formed between adjoining unit cells. 
(9) In the unit cell which connected and constituted electrically six square shape nickel and hydrogen 
batteries (cell) in the serial at the related following (table 1 1) of the thermal conductivity per unit cell, and a 
temperature rise and a cycle life The internal resistance of each cell, the thickness of an electrode group, a 
heat sinking plane product, the amount of electrolytic solutions, the thickness of a separator. It is set as the 
desirable value which explained the ionic conductivity of the electrolytic solution in above-mentioned (1) - 
(6), and the measurement result of the temperature rise of the unit cell at the time of charge and discharge 
when changing the thermal conductivity per unit cell with 0.2 - 0.4 W/m-K and a cycle life is shown. In 
addition, the thermal conductivity per vmit cell was adjusted to the predetermined value by changing the 
compounding ratio of a battery case resin ingredient, and the thickness of a battery case. 
[0062] 
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[0063] As shown above (table 1 1), when the thermal conductivity per unit cell was 0.3 W/m-K and 0.4 
W/m-K, 6 degrees C, 5 degrees C, and the cycle lives of the temperature rise of the unit cell at the time of 
charge and discharge were 900 and 1000, respectively. On the other hand, when the thermal conductivity 
per unit cell is 0.2 W/m-K, the temperature rise of the unit cell at the time of charge and discharge is as high 
as 13 degrees C, and the cycle life of a unit cell is short with 400. Since heat dissipation nature worsens 
when the thermal conductivity per unit cell is small, it is thought that the calorific value of the unit cell at the 
time of charge and discharge, as a result the temperature rise of a unit cell become large. And if the 
temperature rise of a unit cell becomes large, disassembly of the decline in charging efficiency, the separator 
arranged in a cell, the binder in an electrode, etc., etc. will be promoted, and it will be thought that the cycle 
life of a unit cell becomes short. 

[0064] Therefore, as for the thermal conductivity per unit cell, it is desirable that they are 0.3 or more W/m- 
K. 

[0065] Thus, by constituting a unit cell using the square shape nickel and the hydrogen battery (cell) set as 
the desirable value explained in above-mentioned (1) - (9), and setting the thermal conductivity per unit cell 
as 0.3 or more W/m-K, a temperature rise can be controlled and the unit cell which has the cell property 
which was excellent in high power also in the repeat of charge and discharge or the prolonged activity can 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/8/2006 



JP.2nni=319682,A [DETAILED DESCRIPTION] 



Page 11 of 11 



be realized. 

[0066] Next, two or more unit cells equipped with the above configurations were electrically connected to a 
serial and/or juxtaposition, and the group cell was produced. The path which can pass a cooling medium is 
prepared between adjoining unit cells. Also in this case, by constituting a group cell using the unit cell set as 
the desirable value explained in (9), the temperature rise was able to be controlled and the group cell which 
has the cell property which was excellent in high power also in the repeat of charge and discharge or the 
prolonged activity was able to be realized. 
[0067] 

[Effect of the Invention] As explained above, according to this invention, the balance of calorific value, heat 
release, and the amount of accumulation can be optimized, and the square shape alkaline battery which has 
the cell property which was excellent in high power also in the repeat of charge and discharge or the 
prolonged activity can be realized. Moreover, by using the square shape alkaline battery of this invention, a 
temperature rise can be controlled and the unit cell and group cell which have the cell property which was 
excellent in high power also in the repeat of charge and discharge or the prolonged activity can also be 
realized. 



[Translation done.] 
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* NOTICES * 

JPO and MCIPI are not responsible £or £Uiy 
damages caused by the use of tbis translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 2 ] 




[Translation done.] 
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